Antisera were prepared against type strains of the original scheme of B. Perch (Acta Pathol. Microbiol. Scand. 25:703-714, 1948) and against newly defined types to produce separate schemes for O-grouping Proteus vulgaris and Proteus mirabilis. In assessing the schemes for their effectiveness it was found that 82% of 208 P. vulgaris isolates and 88% of 194 P. mirabilis isolates from two hospitals were typable. Only 3.4% of the P. vulgaris isolates agglutinated in P. mirabilis antisera, and 1.5% of the P. mirabilis agglutinated in P. vulgaris antisera, indicating that separation of the schemes would be more advantageous in routine typing. P. mirabilis of groups 03, 06, 010, 029, and 030 were most frequently isolated. Of the P. vulgaris isolates, 25% belonged to newly defied 0-groups, and one of these was the largest with 14% of all isolates of this species. The application of serotyping using separate schemes for each species was advocated in epidemiological studies.
Antisera were prepared against type strains of the original scheme of B. Perch (Acta Pathol. Microbiol. Scand. 25: [703] [704] [705] [706] [707] [708] [709] [710] [711] [712] [713] [714] 1948 ) and against newly defined types to produce separate schemes for O-grouping Proteus vulgaris and Proteus mirabilis. In assessing the schemes for their effectiveness it was found that 82% of 208 P. vulgaris isolates and 88% of 194 P. mirabilis isolates from two hospitals were typable. Only 3.4% of the P. vulgaris isolates agglutinated in P. mirabilis antisera, and 1.5% of the P. mirabilis agglutinated in P. vulgaris antisera, indicating that separation of the schemes would be more advantageous in routine typing. P. mirabilis of groups 03, 06, 010, 029, and 030 were most frequently isolated. Of the P. vulgaris isolates, 25% belonged to newly defied 0-groups, and one of these was the largest with 14% of all isolates of this species. The application of serotyping using separate schemes for each species was advocated in epidemiological studies.
Proteus vulgaris and Proteus mirabilis may inhabit the human intestine as commensals but may also cause disease (1-3, 7-10, 13) . A serotyping scheme has been described by Perch (11) and Kauffmann (6) , but its use in extensive studies of the epidemiology ofProteus infections has been limited to a few investigators (4, (8) (9) (10) . Our interest in such infections prompted us to establish a serotyping facility by using the system of Perch (6) to type isolates from our hospitals. In this report we describe the preparation of antisera, methods of serotyping, and the results of typing isolates of both species collected from two hospitals.
MATERIALS AND METHODS
Bacteria. Type strains of the Kauffmann (6) and Perch (11) scheme for Proteus were obtained from I. 0rskov of the State Serum Institute, Copenhagen, Denmark. Each isolate that was identified as P. vulgaris over a 7-year period in the microbiology laboratories at the Toronto General Hospital and at The Hospital for Sick Children, Toronto, was collected, and the total collection of 208 isolates was used in this study. P. mirabilis isolates were obtained from the same two hospitals but were collected at intervals as required during the course of the investigation. Antisera. Antigens used for imnimunization were prepared from bacterial suspensions cultured in Trypticase soy broth (BBL) without glucose. Formaldehyde solution was added to a concentration of 0.3% to kill bacteria, and 18 h later the suspensions were centrifuged (9,000 rpm), washed three times in saline (0.85% NaCl), and suspended in saline to an optical density of 0.375 at 625 nm (determined with a Spectronic 20 spectrophotometer) corresponding to approximately 109 cells per ml. After a preimmune bleeding, New Zealand white rabbits (6 to 7 lb. [ca. 2.7 to 3.2 kg]) were inoculated five times (doses of 1, 2, 2, 4, and 4 ml) over a 2-week period via the marginal ear vein. Blood was taken by cardiac puncture 7 to 10 days after the last injection. The blood was allowed to clot, and the sera were separated and stored at -20°C.
Titration of antisera. The passive hemagglutination technique was used. Bacterial suspensions were autoclaved (1 h at 120°C); after cooling, the suspensions were centrifuged, and the supernatants were removed. The supernatants were diluted 1:10 in phosphate-buffered saline (3.5 g of Na2HPO4 and 6.8 g of NaCl per liter, adjusted to pH 7.0 with approximately 0.6 ml of concentrated HCl) and incubated for 1 h at 37°C with an equal volume of a 1% suspension of sheep erythrocytes previously washed three times in phosphate-buffered saline. The sensitized erythrocytes were centrifuged and washed three times in phosphate-buffered saline and suspended in phosphate-buffered saline to a final volume equivalent to a 0.5% erythrocyte suspension. Twofold 
RESULTS
Reconstitution of schemes for 0-serogrouping P. vulgaris and P. mirabilis. Perch (11) originally described 49 0-groups for the genus Proteus, and Kauff-mann (6) described minor revisions in the list of type strains. The list included type strains of both P. vulgaris and P. mirabilis for each of five specificities (017, 019, 023, 031, 032) that were common to both species. Seventeen other 0-specificities were defined for P. vulgaris strains, and 27 were defined for P. mirabilis strains. Since isolates of the two species can be readily separated by biochemical reactions, and since earlier studies by Lanyi (8) showed that isolates most often typed in antisera against strains belonging to the same species, we elected to divide the 0-typing scheme of Kauffmann and Perch to produce a separate scheme for each species.
Antisera were prepared against 22 P. vulgaris and 32 P. mirabilis strains from those listed in the original scheme. Each antiserum was titrated by passive hemagglutination against antigen of the homologous strain and against antigens prepared from all other type strains of the same species. Most antisera had high titers against homologous strains and low or no demonstrable titers against heterologous strains. In some cases, however, antisera were found to have low titers against homologous antigens and higher heterologous titers against several heterologous strains. Since such antisera could not be used for typing, another set of antisera were prepared against the corresponding strains and examined in the same manner to ascertain that they had the required specificity before their use as typing antisera. Only against specificity 041 (F409) has a satisfactory antiserum not yet been prepared.
The results of cross-titrations of the antisera finally selected for serotyping are shown in Ta- bles 1 and 2. It can be seen that 14 P. vulgaris and 18 P. mirabilis antisera had high homologous titers and no demonstrable reactions with heterologous strains. The remaining antisera also had high titers against homologous strains but, in addition, had titers against one or more heterologous strains. For the most part, the reactions with heterologous strains were reciprocal, but three P. vulgaris reactions and two P. mirabilis reactions were nonreciprocal (unilateral). A number of the heterologous reactions were high titered and thus reflected interstrain relations not evident in the description of the original Perch scheme. Cross-reacting antisera were cross-absorbed and cross-titrated to determine the type of relationship between pairs of VOL. 12, 1980 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from strains. The relationships found were of the "a,b-a,c" type in which the "a" component is common to two strains differing in major Ospecificities b'' and "c."
The specificity of each antiserum was also tested by the slide agglutination technique using antisera at low dilution (1:5) against autoclaved suspensions of homologous and heterologous type strains of the same species. Strong agglutination was observed against homologous strains and in some, but not all, cases, agglutination was observed with strains that had cross-reacted by passive hemagglutination at titers of 1:320 or higher. After absorption with suspensions ofheterologous strains, the antisera agglutinated only suspensions of the homologous strains.
Antisera were prepared against five new serotypes of P. vulgaris and six new serotypes of P. mirabilis and provisionally designated 0100 to 0104 and 0200 to 0205, respectively. With these new types included, 27 different 0-specificities of P. vulgaris and 37 different 0-specificities of P. mirabilis could be examined for their efficacy in subclassifying isolates from local hospitals.
O-grouping ofP. vulgaris and P. mirabilis isolates from two hospitals. From the microbiology laboratories of two hospitals, 208 P. vulgaris isolates and 194 P. mirabilis isolates were collected. Autoclaved suspensions of P. vulgaris isolates were first tested in antisera of the P. vulgaris scheme. Isolates that agglutinated in only one antiserum were assigned to the corresponding 0-group. Other isolates that agglutinated in two or more antisera were of two kinds-those that agglutinated in antisera against related type strains and those that agglutinated in antisera against unrelated types. Isolates of the former kind agglutinated in only one antiserum when tested in cross-absorbed antisera. Soluble antigens were extracted from the second kind and were used to titrate by passive hemagglutination the antisera in which they agglutinated. Isolates that did not agglutinate in any of the P. vulgaris antisera were tested in antisera belonging to the P. mirabilis scheme. P. mirabilis isolates were examined in the same manner, first in P. mirabilis antisera and then in P. vulgaris antisera if necessary.
Most P. vulgaris and P. mirabilis isolates fell into one or another 0-group of their respective species; only seven P. vulgaris agglutinated in P. mirabilis antisera, and three P. mirabilis agglutinated in antisera of the P. vulgaris scheme (Tables 3 and 4) . Table 5 shows examples of isolates that agglutinated in two or more antisera against unrelated type strains and the passive hemagglutination titers obtained by titrating the corresponding antisera with antigens extracted from these multiply agglutinating isolates. Generally, strong slide agglutination reactions corresponded to higher-titer (:1:320) reactions, but exceptions were seen. In some cases, weak agglutinations corresponded to high titers, and strong agglutinations corresponded to low titers. The titers of 03 and 011 antisera against two isolates (SC-94, TG-65) were sufficiently high to indicate that they possessed antigenic factors belonging to both 03 and 011 types. However, 029 antiserum titers against four isolates (SC-14, TG-25, TG-90, TG-10) that agglutinated in both 010 and 029 antisera were low. A possible basis for such reactions and other low-titered ones (Table 5) could be antibody directed against common core lipopolysaccharides (rough components), but it should be noted that these low titers were a consistent feature of the four isolates and that the weak, but reproducible, agglutinations in 029 antiserum did differentiate them from 21 isolates ( Table 4 ) that agglutinated in only 010 antiserum. For these reasons, the multiply agglutinating isolates (010, 029) were taken to be different from those that did not have the minor reaction in the second antiserum.
Another grqup of isolates agglutinated, usually weakly, in several antisera, but the agglutinations corresponded to particularly low or nondemonstrable passive hemagglutination titers. Suspensions of such isolates also tended to sediment on autoclaving, and when rabbits were immunized with these strains, low levels of antibody were produced against both homologous and often unrelated heterologous strains. This group of isolates, along with others that also sedimented on heating but did not agglutinate in any antisera, were interpreted to be 0-(rough) mutants. Reactions of three multiply agglutinating rough isolates are shown in Table  5 . It is important to note that, in some cases, strong agglutination reactions were observed for VOL. 12, 1980 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from such rough isolates (SC-91, SC-10, SC-36), and without the aid of titrations and the observation of sedimentation, they could be misclassified as smooth strains. Among P. vulgaris and P. mirabiiis isolates, 10 (13%) and 10 (5%), respectively, were classified as rough strains.
Other isolates that yielded uniform suspensions that neither sedimented on autoclaving nor agglutinated in any of the antisera were considered to be smooth strains of serotypes not defmed in the typing schemes. Only 10 (5%) P. vulgaris and 13 (7%) P. mirabilis isolates fell into this class, indicating that schemes at the present stage of development can be used to subclassify a high proportion of the isolates from our two hospitals. DISCUSSION P. mirabilis and P. vulgaris are well known to the clinical microbiologist. Of the two species, P. mirabilis is more frequently isolated and is one of the three most common species of Enterobacteriaceae encountered in the clinical laboratory (5) . Both species may cause human infections, but more reports have been concerned with P. mirabilis than with P. vulgaris. P. mirabilis has been associated with nosocomial infections (1) (2) (3) 7) , and our interest in the epidemiology of these infections and those of P. vulgaris prompted us to examine serotyping as a method for tracing infections.
It was evident from the reports of Kauffmann (6), Perch (11) , and Lanyi (8) that each species had, for the most part, its own set of O-specificities. Although some were shared by both species, it appeared that separate schemes for each species promised the advantage of greater facility in serotyping. This was borne out by our results, as only 3.4% of the P. vulgaris isolates and 1.5% of the P. mirabilis isolates agglutinated in antisera of the other species.
Although our methods for immunizing rabbits, performing slide agglutinations, and titrating antisera differed from those of earlier workers, all strains except F409 (041) obtained from the Kauffmann-Perch scheme (6, 11), elicited high-titered antisera with the required specificities for O-grouping 62% of the P. vulgaris isolates and 82% of the P. mirabilis isolates collected from two hospitals. With respect to crossreactions, some found by Lanyi (03-026, 05-043, 017-035, 031-042) were also observed in our study. These, and several others, were interpreted to be due to interstrain relations of the a,b-a,c type on the basis of results obtained in subsequent cross-titrations ofcross-absorbed antisera. Absorptions with suspensions of the cross-reacting strains were required for such antisera to produce monospecificity for O-grouping.
Isolates that agglutinated in more than one antiserum were found not only in our study but also by Lanyi (8) . He observed six such strains but did not state the antisera in which they agglutinated. Larsson and Olling (10) found that 3% of 485 strains agglutinated in 013 and 030 antisera, and Larsson et al. (9) reported that 11.5% of 3,519 strains agglutinated in the same two antisera. A study of such multiply agglutinating isolates in our collection indicated that some had O-specificities belonging to different 0-groups, but others were apparently agglutinated by antisera containing antibodies against rough components. Application of the passive hemagglutination procedure aided in resolving the status of the multiply agglutinating isolates. On the basis of titers against antigens prepared from the multi-agglutinating isolates, rough (O-) strains could be differentiated from smooth (O+) strains. As noted by others for Salmonella (12) , rough, but not smooth, strains generally yielded unstable suspensions upon heating. However, we observed that after three washings in saline the rough strains, like the smooth strains, formed uniform suspensions that could be used in slide agglutination tests. In our study, minor differences between strains could be demonstrated with low dilutions (1:5) of antisera. The relative importance of these minor components may be the subject of speculation, but it was interesting that they were a consistent feature of particular isolates and that their presence could be repeatedly demonstrated. The lower dilutions of our antisera and the use of thrice-washed autoclaved suspensions for agglutination tests could account for minor differences in results from those of Lanyi (8) , who diluted antisera 1:20 to 1:50 for agglutination of live cells grown on deoxycholate citrate agar, and from those of Larsson and Olling (10), who diluted antisera 1:800 to 1:1,600 for overnight incubation at 50°C with autoclaved or boiled overnight broth cultures.
Although our isolates were collected to test the serotyping schemes rather than in connection with epidemiological investigations, it should be noted that the largest proportion (15%) of the P. mirabilis belonged to group 03. The same group also predominated in the collections of de Louvois (4) and included 18% of the urine isolates, 25% of the wound isolates, and 19% of the fecal isolates. From the data of Lanyi (8) it can be determined that 1,044 of his 1,242 Proteus isolates were P. mirabilis and that 344 isolates (33%) belonged to group 03. This group was also the largest in the study of Larsson and Olling (10) and included 13% of their isolates. In the collection of de Louvois (4) and in our collection group 010 included the second largest number with 12.8 and 11%, respectively. Isolates of group 06 were also frequently isolated in our study and in two others (4, 8) . Such comparable results suggested a similarity in the distribution of serotypes of P. mirabilis in widely separated hospitals and indicated that the typing antisera of the scheme for this species are capable of classifying the strains most likely to be encountered in many clinical laboratories.
Considerably less attention has been focused on serotyping the less frequently encountered P. vulgaris, and the range of defined 0-specificities was not as complete as it was for P. mirabilis. In the study of Lanyi (8) the proportion of untypable P. vulgaris (103 of 198) exceeded that of P. mirabilis (161 of 1,044) by a wide margin-52 to 15%. In our study, the largest group of isolates (14%) fell into 0100, and 25% fell into 0-groups 0100 to 0104, the newly defined groups, and 4.8% were classified as smooth untypable. Hence, the P. vulgaris scheme requires considerable extension to accommodate new, undefined 0-antigens. Despite some limitations, the percentages of isolates that could be typed was sufficient to warrant the conclusion that 0-serotyping of both species ought to be used more extensively in studies on the epidemiology of Proteus infections.
